wo 2005/026973 



PCT/IB2004/051665 



REPEATED EXAMINATION REPORTING 

DESCRIPTION 

The present invention relates to disease or physical condition analysis and 
reportmg. It finds particular application in conjunction with monitoring disease or physical 
progression over time and will be described with particular reference thereto. It is to be 
appreciated, however, that the present invention is applicable to cross patient studies, and 
other applications as well. 

There is a long standing interest in tracking the progression of disease and 
physical conditions of patients. When a patient is initially diagnosed, the speed with which 
a condition is progressing affects a prescribed treatment regimen. After a patient receives a 
regimen of treatment, follow-up visits ascertain the quality and effectiveness of the 
prescribed treatment, whether other courses of action are in order, and the like. A 
significant portion of this patient tracking and continued diagnosis occurs in the reahn of 
diagnostic imaging. A patient with symptoms is diagnosed or a diagnosis is confirmed 
using an imaging procedxjre. 

Today, a patient's medical records are typically maintained in a computer 
database. The record includes previous diagnostic images, although the prior images are 
often of differing regions of the body and were generated with imaging parameters and in 
imaging modalities geared for other types of examinations. Nonetheless, the diagnosing 
physician can page through the images in the patient's file manually to look for images that 
include the same region and might provide insights into the development of the problem. 
Further, after or during the treatment, the patient may retum for further imaging to assess 
the success of the treatment The physician can retrieve prior images at various stages in 
the treatment and display them, side by side with the current image. The physician can 
visually compare the latest image with the previous image or previous images with each 
other. The progression of the images aids the physician in making a determination about 
the rate of progress of the malady and success of the treatment. 

Currently, the images to be compared are displayed concurrently in separate 
windows on a computer monitor, or similar display device. This can be cumbersome, and 
the progression of the region of interest can be intuitively difficult to follow. Additionally, 
the images often were taken at different time intervals and have a different scale. 
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perspective, contrast, and other image properties. For instance, two images of an 
irregularly shaped brain tumor taken from different angles may show the tumor as being 
different sizes. In such a scenario, it would be difficult to tell whether the tumor actually 
changed in size, or if one viewed image was taken through a slice » in which a direction in 
which the tumor is wider. 

Although imaging sequences and scans can be saved and reproduced, it is 
difficult to accurately reproduce the physical position of a patient within a scanner on 
different days. Slightly different patient positions from scan to scan will result in slightly 
different image perspectives, given the exact same imaging scan or sequence. 

More factors are introduced if a physician attempts to do a cross^-modality 
conq)arison. For instance, the patient with the bram tumor may have a current MRI and an 
older CT scan that includes the region. Different modalities emphasize different tissue 
properties and may show the tumor with different degrees of differentiation relative to the 
surrounding tissue. 

The present application contemplates a new and improved object 
identification system, which overcomes the above-referenced problems and others. 

In accordance with one aspect of the present invention, a diagnostic image 
processing system is provided. A parameter extraction processor extracts selected 
parameter values from a diagnostic image representation or from data for generating the 
diagnostic image. A subject database stores the image representation and the extracted 
parameter values in association with at least a patient identity and a date. The database is 
updated each time the subject is imaged. A report formatting means formats the extracted 
parameter values from a pluraUty of diagnostic images generated at different times into a 
report. 

In accordance with another aspect of the present invention, a method of 
diagnostic image processing is provided. A diagnostic image representation is displayed 
and a region of interest is selected on the display. Parameter values from the selected 
region are extracted. The image representation along with the extracted parameter values 
are stored in a database in association with at least a subject identity and a date. The 
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extracted parameter values from a plurality of diagnostic images are formatted into a 
report. 

One advantage of the present invention resides in improved patient progress 

tracking. 

Another advantage resides in improved patient diagnosis and treatment 

planning. 

Another advantage resides in a more mtuitively meaningful image display. 

Another advantage results in easier cross-modality scan comparison. 

Another advantage resides in easier scan result comparison. 

Still further advantages and benefits of the present invention will become 
apparent to those of ordinary skill in the art upon reading and understanding the following 
detailed description of the preferred embodiments. 

The mvention may take form ia various components and arrangements of 
components, and in various steps and arrangements of steps. The drawings are only for 
purposes of illustrating the preferred embodiments and are not to be construed as limitmg 
the invention. 

FIGURE 1 is a diagrammatic illustration of an imaging system with 
repeated examination capabilities; 

FIGURE 2 is a flow diagram illustrating the construction of a repeated 
examination report; and, 

FIGURE 3 is an exemplary report format mcluding a graphical 
representation of a progression vs. time. 



With reference to FIGURE 1, a variety of diagnostic imagers are connected 
with a hospital database 10, Preferably, the diagnostic imagers include a high field 
magnetic resonance (MR) scanner 12, a low field MR scanner 14, a CT scanner 16, a 
nuclear camera 18, and a digital x-ray system 20. Other diagnostic imaging equipment is 
also conten^lated. Each diagnostic imager includes or is associated with a reconstruction 
processor for implementing reconstruction algorithms for the corresponding modality. 
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Typically, selected reconstructed images are saved into the patient's record in the hospital 
database 10 rather than the underlying data although either or both can be. The images, 
preferably volume images, are stored with an electronic indication of the imaged region. 

Looking to the high field magnetic resonance scanner 12 by way of 
example, the data firom the scanner is reconstructed by a reconstruction processor 30 and 
stored into an image memory 32. A video processor 34 withdraws selected portions of the 
reconstructed image for display on a video or other human readable monitor 36. The other 
scanners include similar reconstruction processors, image memories, video processors, and 
displays. 

Using a mouse 40 or other suitable pointing and drawing means, the 
operator outlines the region of interest on a displayed image or otherwise indicates the 
region of interest. Taking the monitoring of a tumor, by way of example, a processor or 
means 42 isolates the designated tumor from the surrounding tissue. This may be done by 
comparing gray scale or other properties of the designated tumor relative to the 
surrounding tissue in the diagnostic image memory. The generated isolated image of the 
tumor of interest is stored in a memory 44 which is exandned by a parameter extraction 
processor or means 46 that extracts parameters of the isolated tumor such as its vohime, 
average density, blood flow rate to or through it, diffusion coefficients, fractional diffusion 
anisotropy values, spectroscopic values, metabolic information, and the hke. The extracted 
parameters are preferably stored with the image data in the patient database 10 to &cilitate 
the comparison of these parameters with similar parameters derived from earlier or later 
images. 

To monitor the progress of the tumor, the operator initiates a program 50 
which searches the hospital database 10 for other images of the same patient which include 
the region surrounding the tumor. Images of the region of the patient which include the 
tumor are analyzed 52 to isolate the tissue which is at the same location as the tumor. 

Once the corresponding portion of the archived images has been located, a 
reformatting means 54 reformats the images to convert the images to the same viewing 
direction such as with a multi-planar reformatting technique which re-grids the images and 
scales the reformatted images as the present examination images. The reformatted images 
of the same region of interest are then provided to the video processor 34 for display on the 
monitor 36. The isolating means 42 is then used manually or automatically to isolate the 
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tissue at the same location as the tumor with similar grayscale, MR number, or other 
similar characteristic. Preferably, the isolating means goes to the same location and tries to 
isolate a tumor with the same physical properties. The automatic isolating means may or 
may not be successful. For example, some of the images may have been taken before there 
was a tumor. Others may have been taken in a modality in which the tumor is hard to 
distinguish. Also, the tumor may have grown eccentrically. That is, in early images, the 
tumor could have been displaced from the cunrent center of mass and the program may be 
missmg it. The diagnosing physician uses the cursor 40 to outline regions of potential 
interest on each of the archived images for isolation and analysis. 

Some of the retrieved archived images may have been stored with a 
coordinate shift relative to the current diagnostic image. In one embodiment, the operator 
manually designates a corresponding point in each image and a reformatting means 54 
shifts the images to align the common points. In another embodiment, a pattern comparing 
means 56 compares the images of generally similar regions of the subject by isolating 
common landmark points, the pattern means 56 determines a transform which translates 
the images into registration. 

Once the prior images have been retrieved and the corresponding regions 
registered and the tumoir or other tissue of interest isolated, the parameters extracted by the 
parameter extraction means 46 are sent to a report formatting processor or means 60. The 
report formattiag means 60 includes a plurality of report generation options. The extracted 
values are ordered by the data compilation processor 60 and placed into a repeated 
examination report, that is, they are placed in an intuitive visual format, preferably 
according to date. Charts, tables, graphs and other comparable display formats are suitable 
for presentmg the extracted values. For example, in a patient who has a brain tumor, one 
of the likely extracted values would be. size of the tumor. A chart that shows the size of the 
brain tumor as a function of time would be one exemplary mode of display. Not all values 
will be available in every imaging modality. Preferably, dates corresponding to data points 
with no data are omitted from the presentation of that value. More specifically, a table 
option 62 generates a table which sets forth corresponding parameters of interest from each 
of the preceding images. For example, the table could set forth the volume of the tumor in 
each image, the date of the image, etc. in tabular foraiat. A graphing means or algorithm 
64 presents a selected parameter of the tumor, such as volume or tissue density, and plots 
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the change in that parameter versus time. Because the prior images have probably not been 
taken at regular periodic images, the graphing processor includes a means 66 for scaling 
the time between exams to make the timeline of the graphs linear, logarithmic, or the like. 

Of course, for retrieved images that were stored after treatment commenced, 
the parameter extraction means may simply extract the measured parameters which were 
stored with the images. 

Over time, patients may be imaged repeatedly, with multiple image 
modalities. With reference to FIGURE 2, the process for incorporating further scans of the 
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patient into the patient database 10 is illustrated Before beginning a patient's treatment, 
an initial scan of the patient is performed 70. An image is reconstructed and displayed for 
the user 72. The user then selects a region of interest of the image 74, Preferably, the 
region includes a portion of a static body structure, to aid m future image registrations. 
After the region of interest is selected, selected image parameters are then withdrawn from 
the image 76. The hospital database 10 is searched 78 for prior images of the same region 
of the subject These archived images are reformatted and scaled 80. The same regions of 
each image are analyzed, either automatically or manually, and the selected parameters are 
extracted 82. The extracted parameters are stored 84 in the patient database 10. Once the 
parameters have been extracted and stored, they need not be extracted again. Of course, if 
new extraction techniques are developed, the extraction process can be repeated. The 
extracted parameters are formatted 86 into a report format such as a table or a graph as 
illustrated in FIGURE 3. The reports are used by the physician to confirm a diagnosis, 
plan treatment, and the like. 

After the scan, the patient receives the prescribed therapy, e.g. 
chemotherapy or oncological radiation therapy. Alternately, the "treatment" may simply 
be the passage of time, such as allowing a broken bone to mend. In either case, periods of 
time lapses between diagnostic image sessions, to allow the region to respond to the 
administered treatment, whether it is active or passive. After sufficient time has elapsed, a 
new scan of the region of interest is performed 90. If the same scan is desired, a sequence 
controller 91 accesses the patient database 10 to retrieve the sequence used to generate the 
baseline image and recreates that sequence. Alternately, a different sequence may be used, 
generating different geometries or resolutions, or a different modality entirely may be used. 
In either instance, downstream software identifies 92 the corresponding region of interest 

-6- 



wo 2005/026973 



PCT/IB2004/051665 



in a subsequent image. Parameters are extracted 94 from the new raw data set and image 
and are, in tum, stored 84 in the patient database 10 according to patient ID and date. If 
different parameters are extracted, the prior images are retrieved from the patient database 
10 and the new parameters are extracted from them. After each imaging session the report 
and the database 10 are updated to chart the progression of the region of interest over time. 

In another display embodiment, with reference agam to FIGURE 1, when a 
set of images and corresponding data values are selected for viewing, the registration 
processor 54 reformats and registers the retrieved images to the baselme image. 
Preferably, the image is translated, rotated, and uniformly scaled to bring it into aUgnment 
with the original image. Once all images are registered, they are displayed to the user in an 
intuitive format. For example, all the images in order by time are displayed on the user 
interfece 36 concurrently. In another example, a cine processor 100 processes the images 
for display in a cine mode, showing an action progression of the region of interest over 
time. To supplement the cine mode, an extrapolator 102 compares the images, and their 
dates, and extrapolate intermediate sub-images between the actual images as needed to 
generate all the image frames for a cme display with a linear or other selected timeline. 
The extrapolator 102 creates images based on a real tune scale (e.g. one frame per week) to 
aid in visual intuitiveness. 

The invention has been described with reference to the preferred 
embodiments. Modifications and alterations will occur to others upon a reading and 
understanding of the preceding detailed description. It is intended that the invention be 
construed as including all such modifications and alterations insofar as they come within 
the scope of the appended claims or the equivalents thereof. 



